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(54) Vehicle-controlled tire condition sensor communication utilizing fixed tire identification 



(57) A tire condition sensor unit (e.g., 1 8A) is for use 
within a tire condition communication system (10). The 
sensor unit (e.g., 18A) is for association with a tire (e. 
g., 14A) of a vehicle (12) and, via a method, communi- 
cates a tire condition to a vehicle-based unit (28). A sen- 
sor (58) senses the tire condition. Radio frequency 
transmit circuitry and an antenna (68 and 22) transmit 
a radio frequency signal (e.g., 24A) that indicates the 



sensed tire condition. In one aspect, a low frequency 
antenna and a signal detector (48 and 52) receive a low 
frequency initiation signal that causes transmission of 
the radio frequency signal indicative of the sensed tire 
condition. In another aspect, the radio frequency signal 
is also indicative of a fixed Identification. 



CM 

< 

CO 
lO 
CO 



LU 



Pnnted by Jouve 75001 PARIS (FR) 



^SDCXJID <EP . „ 1197356A2 I > 



1 



EP1 197 356 A2 



2 



Description 
Technical Field 

[0001 ] The present Invention relates to a tire condition 
monitoring systenn for providing tire operation parame- 
ter information, such as tire inflation pressure, to a ve- 
hicle operator. The present invention relates specifically 
to a tire condition monitoring system that provides ready 
identification of a tire providing condition information 
and avoids misidentification regardless of previous tire 
position change due to tire position rotation or the like. 

Baclcground of the Invention 

[0002] Numerous tire condition monitoring systems 
have been developed in order to provide tire operation 
information to a vehicle operator One example type of 
a tire condition monitoring system is a tire pressure mon- 
itoring system that detects when air pressure within a 
tire drops below a predetermined threshold pressure 
value. 

[0003] There is an increasing need for the use of tire 
pressure monitoring systems due to the increasing use 
of "run-flat" tires for vehicles such as automobiles. A run- 
flat tire enables a vehicle to travel an extended distance 
after significant loss of air pressure within that tire. How- 
ever, a vehicle operator may have difficulty recognizing 
the significant loss of air pressure within the tire because 
the loss of air pressure may cause little change in vehi- 
cle handling and little change in the visual appearance 
of the tire. 

[0004] Typically, a tire pressure monitoring system in- 
cludes a pressure sensing device, such as a pressure 
switch, an internal power source, and a communications 
link that provides the tire pressure infonnation from a 
location at each tire to a central receiver. The central 
receiver is typically connected to an indicator or display 
located on a vehicle instrument panel. 
[0005] The communications link between each tire 
and the central receiver Is often a wireless link. In par- 
ticular, radio frequency signals are utilized to transmit 
information from each of the tires to the central receiver. 
However, in order for the central receiver to be able to 
proper associate/identify received tire pressure informa- 
tion with the tire associated with the transmission, some 
form of identification of the origin of the signal must be 
utilized. A need for identification of the origin of the 
transmitted tire information signal becomes especially 
important subsequent to a tire position change, such as 
tire position rotation during routine maintenance. 

Summary of the Invention 

[0006] In accordance with one aspect, the present in- 
vention provides a tire condition sensor unit for associ- 
ation with a tire of a vehicle. The tire condition sensor 
unit is for communication of a tire condition to a vehicle- 



based unit. Sensor means sensesthe tire condition. Ra- 
dio frequency transmitter means, operatively connected 
to the sensor means, transmits a radio frequency signal 
that indicates the sensed tire condition. Low frequency 
5 receiver means, operatively connected to the radio fre- 
quency transmitter means, receives a low frequency in- 
itiation signal and causes the radio frequency transmit- 
ter means to transmit the radio frequency signal indica- 
tive of the sensed tire condition in response to receipt 
10 of the low frequency initiation signal. 

[0007] In accordance with another aspect, the present 
invention provides a tire condition communication sys- 
tem for a vehicle. Sensor means, associated with a tire, 
senses at least one tire condition. Radio frequency 
15 transmitter means, associated with the tire and opera- 
tively connected to the sensor means, transmits a radio 
frequency signal that indicates the sensed tire condition. 
Communication means, having a first portion associat- 
ed with the tire and operatively connected to the radio 
frequency transmitter means and a second portion as- 
sociated with the vehicle, communicates a request from 
the vehicle to the radio frequency transmitter means to 
transmit the radio frequency signal that indicates the 
sensed tire condition. 

[0008] In accordance with another aspect, the present 
invention provides a tire condition communication sys- 
tem for a vehicle. Sensor means, associated with a tire, 
senses at least one tire condition. Memory means, as- 
sociated with the tire, holds a fixed identification asso- 
ciated with the tire. Radio frequency transmitter means, 
associated with the tire and operatively connected to the 
sensor means and the memory means, transmits a radio 
frequency signal that Indicates the fixed identification 
and the sensed tire condition. Communication means, 
having a first portion associated with the tire and oper- 
atively connected to the radio frequency transmitter 
means and a second portion associated with the vehi- 
cle, communicates a request from the vehicle to the ra- 
dio frequency transmitter means to transmit the radio 
frequency signal that indicates the fixed identification 
and the sensed tire condition. 

[0009] In accordance with yet another aspect, the 
present invention provides a method of communicating 
tire condition Information from a tire condition sensor 
unit to a vehicle-based unit. A low frequency initiation 
signal is output, in response to control from the vehicle- 
based unit, for reception by the tirecondition sensor unit, 
A radio frequency response signal that conveys the tire 
condition infonnation is output, in response to receipt of 
the low frequency initiation signal, from the tire condition 
sensor unit for reception by the vehicle-based unit. 
[001 0] In accordance with another aspect, the present 
invention provides a method of communicating tire con- 
dition information from a tire condition sensor unit to a 
vehicle-based unit. A low frequency signal Is output, in 
response to control from the vehicle-based unit, for re- 
ception by the tire condition sensor unit. A radio frequen- 
cy signal that conveys a fixed tire identification and the 
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tire condition information is output from the tire condition 
sensor unit for reception by the vehicle-based unit. 
[0011] In accordance with still another aspect, the 
present invention provides a method of communicating 
tire condition information from a plurality of tire condition 
sensor units to a vehicle-based unit. Low frequency in- 
itiation signals are sequentially output in response to 
control from the vehicle-based unit. Each low frequency 
initiation signal is for reception by a different tire condi- 
tion sensor unit. A radio frequency response signal is 
output from each tire condition sensor unit in response 
to receipt of the respective low frequency initiation sig- 
nal. Each radio frequency response signal conveys the 
tire condition information from the associated tire con- 
dition sensor unit for reception by the vehicle-based unit. 
[001 2] In accordance with yet still another aspect, the 
present invention provides a method of communicating 
tire condition information from a plurality of tire condition 
sensor units to a vehicle-based unit. Low frequency sig- 
nals are sequentially output in response to control from 
the vehicle-based unit. Each low frequency signal is for 
reception by a different tire condition sensor u nit. A radio 
frequency signal is output from each tire condition sen- 
sor unit. Each radio frequency response signal conveys 
a fixed tire identification and the tire condition informa- 
tion from the associated tire condition sensor unit for re- 
ception by the vehicle-based unit. 

Brief Description of the Drawings 

[0013] The foregoing and other features and advan- 
tages of the present invention will become apparent to 
those skilled in the art to which the present invention 
relates upon reading the following description with ref- 
erence to the accompanying drawings, in which: 

Fig. 1 is a schematic block diagram of a vehicle that 
contains a tire condition communication system 
with a plurality of tire condition sensor units in ac- 
cordance with the present invention; 
Fig. 2 is a function block diagram for one of the tire 
condition sensor units shown in Fig. 1 ; 
Fig. 3 is a function block diagram of a central, vehi- 
cle-based unit of the system shown in Fig. 1 ; 
Fig. 4 is a flow chart for a process performed within 
the tire condition sensor unit of Fig. 2; and 
Fig. 5 is a flow chart for a process performed within 
the vehicle-based unit of Fig. 3. 

Description of an Example Embodiment 

[0014] A tire condition communication system 10 is 
schematically shown within an associated vehicle 12 in 
Fig. 1. The vehicle 12 has a plurality of inflatable tires 
(e.g., 1 4A). In the illustrated example, the vehicle 1 2 has 
four tires 1 4A-1 4D. It is to be appreciated that the vehicle 
12 may have a different number of tires. For example, 
the vehicle 12 may include a fifth tire (not shown) that is 



stored as a spare tire. 

[0015] The system 10 includes a plurality of tire con- 
dition sensor units {e.g., 1 8A) for sensing one or more 
tire conditions at the vehicle tires (e.g., 14A). Preferably, 
5 the number of tire condition sensor units 18A-18D is 
equal to the number of tires 14A-14D provided within 
the vehicle 12. In the illustrated example, all of the tire 
condition sensor units 1 8A-1 8D have the same compo- 
nents. Identical components are identified with identical 
10 reference numerals, with different alphabetic suffixes. It 
is to be appreciated that, except as noted, all of the tire 
condition sensor units 18A-18D function in the same 
manner For brevity, operation of one of the tire condition 
sensor units (e.g., 18A) is discussed in detail, with the 
understanding that the discussion is generally applica- 
ble to the other tire condition sensor units (e g . 18B- 
18D). 

[0016] Each tire condition sensor unit (e.g., 18A) in- 
cludes a power supply (e.g., a battery 20A) that provides 
electrical energy to various components within the re- 
spective sensor unit. The electrical energy enables the 
tire condition sensor unit (e.g., 1 8A) to energize a radio 
frequency antenna (e.g., 22A) to emit a radio frequency 
signal (e.g., 24A) that conveys one or more sensed con- 
ditions along with a fixed identification to a central, ve- 
hicle-based unit 28. Specifically, a radio frequency an- 
tenna 30 receives the signal (e.g., 24A) from the tire con- 
dition sensor unit (e.g., 1 8A) and the conveyed informa- 
tion is processed. In one example, the system 10 is de- 
signed to operate with the signals (e.g. , 24A) in the UHF 
portion of the radio frequency range. Thus, each anten- 
na (e.g., 22A) in conjunction with the antenna 30 com- 
prises part of a means for communication from the re- 
spective tire condition sensor unit (e.g., ISA) to the ve- 
hicle-based unit 28. 

[0017] A power supply (e.g., a vehicle battery) 34, 
which is operativeiy connected to the vehicle-based unit 
28, provides electrical energy to permit performance of 
the processing and the like. The vehicle-based unit 28 
utilizes the processed information to provide information 
to a vehicle operator via an indicator device 38. In one 
example, the indicator device 38 may be a visual display 
that is located on an instrument panel of the vehicle 12. 
Accordingly, the vehicle operator is apprised of the 
sensed condition(s) at the tire (e.g., 14A). 
[0018] It is to be noted that the sensed condition may 
beany condition at the tire (e.g., 14A). For example, the 
sensed condition may be inflation pressure of the tire (e. 
g., 14A), temperature of the tire, motion of the tire, or 
even a diagnostic condition of the tire condition sensor 
unit (e.g., 18A) itself. 

[001 9] Preferably, only a single antenna 30 of the ve- 
hicle-based unit 28 receives ail of the radio frequency 
signals 24A-24D from the plurality of tire condition sen- 
sor units 18A-18D. In order for the vehicle-based unit 
28 to accurately "know" which tire is providing the radio 
frequency signal, the system 10 includes a plurality of 
antennas 40A-40D that are operativeiy connected 42A- 
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42D to the vehicle-based unit 28. Each antenna (e.g., 
40A) is controlled to be energized by the vehicle-based 
unit 28to output an initiation signal (e.g., 44A) that caus- 
es an associated one (e.g., 18A) of the tire condition 
sensor units to respond with its radio frequency signal 
(e.g., 24A). In other words, each initiation signal (e.g., 
44A) is a request thai causes a radio frequency signal 
response from the associated tire condition sensor unit 
(e.g., 1 8A). Thus, the information that is provided to the 
vehicle operator also includes tire location (e.g., left 
front). Accordingly, the vehicle operator is made aware 
of the tire condition (e.g., low inflation pressure) of the 
certain tire, without having to separately determine 
which tire is associated with the tire condition. 
[0020] Preferably, each initiation signal (e.g.. 44A) is 
a low frequency signal that is provided in the form of a 
magnetic field or magnetic induction signal. The fre- 
quency of the initiation signals (44A-44D) is much lower 
that the frequency of the radio frequency signals (24A- 
24D) that convey the tire condition information to the ve- 
hicle-based unit 28. In one example, the frequencies of 
the initiation signals 44A-44D are each at or near 125 
kHz. Accordingly, in one example, the antennas 40A- 
40D are magnetic field induction coils. Hereinafter, the 
antennas 40A-40D are referred to as low frequency an- 
tennas. However, it is contemplated that other frequen- 
cies (e.g., 13 MHz) above or below the above-men- 
tioned frequency may be utilized. 
[0021] Each low frequency antenna (e.g., 40A) is 
mounted on the vehicle 12 at a location adjacent to a 
respective one (e.g., 14A) of the vehicle tires. In one 
example, each low frequency antenna (e.g., 40A) is 
mounted within the wheel well associated with the re- 
speclive lire (e.g., 14A). Signal strength of each low fre- 
quency initiation signal (e.g., 44A) drops considerably 
as the distance from the outputting low frequency an- 
tenna (e.g., 40A) increases. Specifically, magnetic field 
signal strength decreases as a function of the inverse 
of the cube of the distance (1/D3) from the antenna. Ac- 
cordingly, the low frequency initiation signals (e.g., 44A) 
are output at a strength to only permeate the space with- 
in the associated wheel well, about the associated tire. 
The low frequency initiation signals (e.g., 44A) are pref- 
erably not output at a strength to noticeably permeate 
the space about any of the other tires (e.g.. 14B-14D). 
[0022] Each tire condition sensor unit (e.g., 18A) in- 
cludes a low frequency reception antenna (e.g., 48A) for 
receiving the low frequency initiation signal (e.g., 44A) 
that is output from the low frequency antenna (e.g. , 40A) 
located adjacent to the respective tire (e.g., 14A) to 
which the tire condition sensor unit is associated. Pref- 
erably, the low frequency reception antennas 48A-48D 
are magnetic induction coils. Thus, each associated pair 
of low frequency antennas (e.g., 40A and 48A) comprise 
part of a means for communication from the vehicle- 
based unit 28 to the respective tire condition sensor unit 
(e.g., 18A). 

[0023] It is to be noted that in a preferred example, 
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the communication from the vehicle-based unit ^8 to the 
respective tire condition sensor unit (e.g., 1 8A) is a stim; 
ulus only and does not convey information, such as 
Identification information. The pairing of low frequency - 
5 antennas (e.g., 40A and 48A) as means for communi- 
cation from the vehicle-based unit 28 to the respective 
tire condition sensor unit (e.g., 18A) provides sufficient 
ability to properly select a tire location. 
[0024] In operation, when the vehicle-based unit 28 
10 "desires" to receive sensory information from the tire (e. 
g., 14A) at a certain tire mount location (e.g., left front), 
the vehicle-based unit causes the low frequency anten- 
na (e.g., 40A) associated with that location to output the 
low frequency initiation signal (e.g., 44A). In response 
15 to reception of the low frequency initiation signal (e g., 
44A), the tire condition sensor unit (e.g., ISA) outputs 
the radio frequency signal (e.g., 24A) as a response. 
[0025] As mentioned, the radio frequency signal (e.g., 
24A) conveys the sensed condition information. Accord- 
ingly, attendant \N\\h causing output of a low frequency 
initiation signal (e.g., 44A) from a certain one of the low 
frequency antennas (e.g., 40A), the vehicle-based unit 
28 "anticipates" a radio frequency response signal (e. 
g., 24A) from the tire condition sensor unit (e.g.. 18A) 
that is associated with the certain low frequency anten- 
na. For example, when the vehicle-based unit 28 stim- 
ulates the low frequency antenna at a right, rear tire lo- 
cation, the vehicle-based unit anticipates that the tire 
condition sensor unit at the right, rear tire will output its 
radio frequency signal. In a preferred example, the ve- 
hicle-based unit 28 sequentially (e.g., in a series) stim- 
ulates the low frequency antennas 40A-40D, and ac- 
cordingly sequentially receives the radio frequency re- 
sponse signals 24A-24D. 

[0026] It is contemplated that an initiation signal may 
be received from a different system (not shown) located 
on a different vehicle (not shown) that is located in close 
proximity to the subject vehicle 12. Such an occurrence 
may cause the tire condition sensor unit that is the un- 
intended recipient of the initiation signal to output a radio 
frequency response signal. Also, it is contemplated that 
the vehicle-based unit 28 may receive a stray radio fre- 
quency signal from the tire condition sensor unit (not 
shown) of the different system located on the different 
vehicle (not shown), even if the tire condition sensor unit 
of the different system did not receive an initiation signal 
from the subject vehicle. 

[0027] In order to help ensure correct provision and 
use of tire condition Information, each radio frequency 
signal (e.g., 24A) conveys a fixed identification. The ve- 
hicle-based unit 28 has been taught or has learned to 
recognize the fixed identifications of the tires 14A-14D 
associated with the vehicle 12 within which the system 
is provided. However, even if the tires 14A-14D are ro- 
tated, the vehicle-based unit 28 is still able to correctly 
identify the location (e.g.: left-front) of the tire (e.g., 14A) 
and associated tire condition sensor unit (e.g., 1 8A) be- 
cause of the stimulus-response relationship that is pro- 
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vided by the low frequency Initiation signal (e.g., 44A) 
causing the radio frequency response signal (e.g., 24A). 
The fixed identification is utilized to verify that the tire 
condition sensor unit (e.g., 18A) that provided the radio 
frequency response signal (e.g.. 24A) is associated with 
a lire (e.g., 14A) on the vehicle 12. For exannple, the 
vehicle-based unit 28 is able to recognize a signal mis- 
takenly sent from one tire condition sensor unit (e.g., 
24C) due to noise. Such recognition occurs even if the 
mistakenly sent signal occurs when the vehicle-based 
unit Is expecting a signal from another tire condition sen- 
sor unit (e.g.. 24A). 

[0028] Fig. 2 schematically illustrates one example of 
the tire condition sensor units 18 (generically shown 
without alphabetic suffixes on the reference numerals). 
Specifically, the low frequency reception antenna 48 is 
operatively connected 50 to a low frequency signal de- 
tector 52. A controller 54 is operatively connected 56 to 
the low frequency signal detector 52. In response to the 
low frequency signal detector 52 detecting an initiation 
signal, the controller 54 receives sensory information 
from one or more sensors 58 that are operatively con- 
nected 60 to the controller 54. 

[0029] The controller 54 also receives a fixed identifi- 
cation from a fixed identification memory 62 that is op- 
eratively connected 64 to the controller 54. In one pre- 
ferred example, the fixed identification memory 62 is a 
permanent, read only memory. The controller 54 is fur- 
ther operatively connected 66 to radio frequency trans- 
mit circuitry 68. 

[0030] A message packet that contains the sensory 
infonnation and the fixed identification is assembled by 
the controller 54 and provided to the radio frequency 
transmit circuitry 68. In response to the provided mes- 
sage package, the radio frequency transmit circuitry 68 
provides an electrical stimulus signal 70 to the antenna 
22 that causes the antenna to output the radio frequency 
response signal that conveys the sensory information 
and the fixed identification. Thus, the low frequency an- 
tenna 48/ low frequency signal detector 52, the sensor 
(s) 58, the fixed identification memory 62, and the radio 
frequency transmit circuitry 68/ radio frequency antenna 
22 are operatively connected together through the con- 
troller 64. Again, the operation is such that the receipt 
of the initiation signal (e.g., 44A, Fig. 1) causes the out- 
put of the radio frequency response signal (e.g., 24A). 
[0031 ] Fig. 3 schematically illustrates one example of 
the vehicle-based unit 28. Specifically, a low frequency 
selection and driver component 74 is operatively con- 
nected 42A-42D to the plurality of low frequency anten- 
nas 40A-40D. A controller 76 of the vehicle-based unit 
28 is also operatively connected 78 to the low frequency 
selection and driver component 74. The controller 76 
provides a control signal to the low frequency selection 
and driver component 74 to cause a stimulation signal 
to be provided to one of the low frequency antennas (e. 
g., 40A). Thus, a communication interaction with one of 
the tire condition sensor units is Initiated. 



[0032] The antenna 30 is operatively connected 80 to 
radio frequency receive circuitry 82 at the vehicle-based 
unit 28. The radio frequency response signal that is re- 
ceived by the antenna 30 is provided as an electrical 
5 stimulation signal to the radio frequency receive circuitry 
82. In turn, the radio frequency receive circuitry 82 Is 
operatively connected 84 to the controller 76 such that 
the contents of the received radio frequency response 
signal are conveyed to the controller 76. 

10 [0033] The controller 76 processes the received infor- 
mation from the radio frequency response signal. In par- 
ticular, the controller 76 compares the signal-conveyed 
identification to an identification provided from an iden- 
tifications memory 86 that is operatively connected 88 

^5 to the controller 76. If the identification (i.e., from a tire 
condition sensor unit located at a tire on the vehicle) is 
a valid identification, the controller 76 further processes 
the information conveyed via the signal and provides an 
appropriate control signal to the Indicator device 38. The 

20 signal conveys tire location and condition information. 
For example, if the sensed condition is inflation pres- 
sure, the controller 76 provides control signals such that 
the indicator device 38 provides an indication of the 
sensed pressure and the location of the tire. 

25 [0034] It is contemplated that the vehicle-based unit 
28 includes one or more components (e.g., 92) opera- 
tively (e.g., 94) connected to the controller 76, and/or 
one or more connections (e.g., 96) from other vehicle 
systems to the vehicle-based unit that pennit the vehi- 

30 cle-based unit to accomplish various additional func- 
tions. For example, a learn mode component 92 may be 
utilized to cause the vehicle-based unit 28, and thus the 
system 10, to perform function(s) such that correct and 
current Identifications are stored in the memory 86 and 

35 used in the system 10. 

[0035] As one example of a connection 96 from an- 
other vehicle system, a vehicle speed (e.g., from atrans- 
mission sensor) is provided to the controller 76. The 
controller 78 may use the speed indication to modify the 

^0 rate of Initiating communication with the sensor units to 
receive updates on the sensed tire condition. In one em- 
bodiment, frequency of occurrence of updating is pro- 
portional to the vehicle speed. 

[0036] Turning to Fig. 4, a process 200 performed 
45 within the tire condition sensor unit 18 of Fig. 2 is initi- 
ated at step 202 and proceeds to step 204. At step 204, 
the tire condition sensor unit 18 is in a sleep mode, in 
order to conserve battery power. At step 205, it is deter- 
mined whether a low frequency initiation signal has 
50 been received. If the detennination at step 206 is neg- 
ative (i.e., an initiation signal is not received), the unit 
remains in the sleep mode (i.e., the process 200 pro- 
ceeds from step 206 to step 204). 
[0037] If the detemr^ (nation at step 206 is affirmative 
55 (i.e., an initiation signal is received) the process 200 pro- 
ceeds from step 206 to step 208. At step 208, the one 
or more conditions are sensed. At step 210, the fixed 
tire identification is retrieved from memory. At step 212, 
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the message packet is assembled and the response sig- 
nal is transmitted. Upon completion of step 212, the 
process 200 again enters a sleep mode (i.e., the proc- 
ess 200 proceeds from step 212 to step 204). 
[0038] An example of a process 300 perfomned within 
the vehicle-based unit 28 is shown in Fig. 5. The process 
300 is initiated al step 302 and proceeds to step 304. At 
step 304, a tire location is selected. At step 306, the low 
frequency antenna (e.g., 40A) associated with that tire 
location is energized to transmit its initiation signal (e. 
g., 44 A). At step 308, It is determined whether a radio 
frequency response signal (e g , 24A) is received within 
a certain time period. If the determination at step 308 is 
negative (an anticipated radio frequency response sig- 
nal has not been received), the process 300 proceeds 
from step 308 to step 31 0. At step 310, an error message 
is provided via the indicator device 38 such that the ve- 
hicle operator is apprised of the non-receipt of a tire con- 
dition signal. Upon completion of step 310, the process 
300 goes to step 304 to select a tire location. 
[0039] If a radio frequency response signal is re- 
ceived, the determination at step 308 is affirmative. Up- 
on an affirmative determination at step 308, the process 
300 proceeds to step 312. At step 312, it is determined 
whether the fixed identification provided via the radio 
frequency response signal is valid (i.e., does the identi- 
fication match an identification from the memory 86 at 
the vehicle-based unit 28). If the detennination at step 
312 is negative (i.e., the identification is invalid), the 
process 300 proceeds from step 312 to step 31 4. At step 
314, the information data is ignored. Upon completion 
of step 314, the process 300 proceeds to step 304. 
[0040] However, if the receive radio frequency re- 
sponse signal (e.g., 24A) conveys a valid fixed identifi- 
cation, the determination at step 31 2 is affirmative. Upon 
the affirmative determination at step 312, the process 
300 proceeds to step 31 6 wherein the information is pro- 
vided to the vehicle operator via the indicator device 38. 
Upon completion of step 316, the process 300 proceeds 
to step 304. 

[0041] The present invention permits the vehicle- 
based unit 28, at the vehicle 12 to control the rate of 
sensor update. The control provided by the vehicle- 
based unit 28 prevents signal collisions, and thus reduc- 
es the need for repeated signal transmissions. If inter- 
ference of a signal does occur communication can im- 
mediately be re-initialized. Further, the system can truly 
be operated in an ignition key-on mode, because radio 
frequency transmission Is controlled from the "vehicle 
side." 

[0042] Also, because of the vehicle side control, the 
need for radio frequency wake-up messages may be re- 
duced, the size of radio frequency messages may be 
reduced, and the efforts needed to synchronize mes- 
sages may be reduced. Such features mentioned above 
may help to prolong battery life at the tire condition sen- 
sor units 18A-18D. 

[0043] Still further, because of the vehicle side con- 



trol, the invention may be easily integrated with other/ 
existing radio frequency systems, such as remote con; 
venience systems. Specifically, the vehicle side control 
could help ensure sensed tire condition signals are not 
5 transmitted during receipt of a remote convenience con- 
trol signal. In one example, lire condition monitoring (e. 
g., inflation pressure monitoring) is typically performed 
when the Ignition is ON and remote convenience func- 
tions (e.g., remote keyless entry) is typically performed 
10 when the ignition is OFF. 

[0044] The vehicle-based unit 1 8 can interface with 
one or more existing vehicle systems to derive informa- 
tion that is usable to determine need to update, frequen- 
cy of updating, etc. For example, the vehicle-based unit 
15 1 8 may interface a vehicle speed sensing system to vary 
update frequency based upon vehicle velocity (e.g., in- 
creased rate of update for increased vehicle speed) . 
[0045] Also, the present invention helps avoid the 
need for a person (e.g., vehicle operator or service tech- 
nician) to initiate a location identification learning sce- 
nario upon the occurrence of a tire location change (e. 
g., a routine tire location rotation). Still further, small size 
of tire condition sensor units can be achieved via the 
removal of components that may no longer be needed, 
such as centrifugal switches. 

[0046] The present invention also provides for an 
easy identification learn mode For example, the initial 
learning of identification codes at the assembly location 
of the system (e.g., at a vehicle assembly facility) does 
not require preceding identification numbers into the ve- 
hicle-based unit. The sensor units at the installed tires 
are merely sequentially polled (e.g., communicate Is a 
cycle) to transmit to the vehicle-based unit. Upon receipt 
of each signal, the vehicle-based unit is apprised of the 
identification that is currently associated with that tire 
location and stores that identification and location as a 
pair in memory. There is no need for specialized equip- 
ment for the learning mode. Thus, an assembly facility 
(e.g., an original equipment manufacture plant) does not 
require significant capital Improvements to include the 
present invention into vehicle manufacture. 
[0047] The present invention also provides for ease 
in learning a new/replacement identification, A new/re- 
placement identification can be utilized when a sensor 
unit, or an entire tire with sensor unit. Is replaced. Upon 
replacement, the vehicle-based unit will receive a new 
identification each time an initiation signal is sent to that 
tire location. Initially, it is contemplated that the vehicle- 
based unit may disregard the response as It contains a 
previously unrecognized Identification. However, the ve- 
hicle-based unit counts the number of occurrences of 
responses that contain the new identification and after 
a predetermined number of occurrences of the new 
identification, the vehicle-based unit accepts the new 
Identification and stores the new Identification and the 
location as a memory pair. 

[0048] From the above description of the invention, 
those skilled in the art will perceive improvements, 
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changes and nnodifrcations. For exannple, although it is 
preferred that the low frequency antennas are used to 
merely initiate the communication of sensed tire condi- 
tion information and the fixed identification from the tire 
condition sensor units, it is contemplated that the tow 5 
frequency antennas could be used to convey informa- 
tion to the lire condition sensor units. Such improve- 
ments, changes and modifications within the skill of the 
art are intended to be covered by the appended claims. 
[0049] According to its broadest aspect the invention io 
relates to a tire condition sensor unit for association with 
a tire of a vehicle and for communicating a tire condition 
to a vehicle-based unit, said tire condition sensor unit 
comprising: sensor means for sensing the tire condition; 
radio frequency transmitter means, ope ratively connect- ^5 
ed to said sensor means, for transmitting a radio fre- 
quency signal that indicates the sensed tire condition. 
[0050] It should be noted that the objects and advan- 
tages of the invention may be attained by means of any 
compatible combination(s) particularly pointed out in the 20 
items of the following summary of the invention. 

SUMMARY OF THE INVENTION 



[0051] 



25 



1 . A tire condition sensor unit for association with a 
tire of a vehicle and for communicating a tire condi- 
tion to a vehicle-based unit, said tire condition sen- 
sor unit comprising: 30 



sensor unit via the low frequency initiation signal to 
cause the transmission of the radio frequency sig- 
nal. 

3. A tire condition sensor unit 

wherein said low frequency receiver means 
and said low frequency transmitter means include 
first and second magnetic induction antennas, re- 
spectively. 

4. A tire condition sensor unit as set forth in claim 
2, wherein said low frequency receiver means is al- 
so for receiving a signal such that said radio fre- 
quency transmitter means transmits a signal that in- 
dicates an Identification to said vehicle-based unit. 

5. A tire condition sensor unit 

wherein said vehicle-based unit includes 
means for storing the identification. 

6. A tire condition sensor unit 

wherein said vehicle-based unit includes 
means for pairing the stored identification with a tire 
location. 

7. A tire condition sensor unit 

wherein said vehicle-based unit includes 
means utilizing vehicle speed to vary rate of repeat 
occurrence of the transmission of the initiation sig- 
nal. 



sensor means for sensing the tire condition; 
radio frequency transmitter means, operatlvety 
connected to said sensor means, for transmit- 
ting a radio frequency signal that indicates the 35 
sensed tire condition; and 
low frequency receiver means, operatively con- 
nected to said radio frequency transmitter 
means, for receiving a low frequency initiation 
signal and for causing said radio frequency ^0 
transmitter means to transmit the radio fre- 
quency signal indicative of the sensed tire con- 
dition in response to receipt of the low frequen- 
cy initiation signal. 

45 

2. A tire condition sensor unit 

wherein said tire condition sensor unit and 
said vehicle-based unit are part of a tire condition 
communication system and said low frequency re- 
ceiver means is a first part of communication means so 
of said tire condition communication system, a low 
frequency transmitter means of said tire condition 
communication system is a second part of said 
communication means that is operatively connect- 
ed to said vehicle-based unit and that is for trans- 55 
mitting the low frequency initiation signal, said com- 
munication means for communicating a request 
from said vehicle-based unit to said tire condition 



8. A tire condition sensor unit 

including controller means, providing the op- 
erative connection between said sensor means, 
said radio frequency transmitter means, and said 
low frequency receiver means, for controlling oper- 
ation of said tire condition sensor means. 

9. A tire condition sensor unit 

including memory means for holding a fixed 
identification associated with the tire, said radio fre- 
quency transmitter means is operatively connected 
to said memory means, and said transmitted radio 
frequency signal also indicates the fixed identifica- 
tion associated with the tire. 

10. A tire condition sensor unit 

including controller means, providing the op- 
erative connection between said sensor means, 
said radio frequency transmitter means, said low 
frequency receiver means and said memory 
means, for controlling operation of said tire condi- 
tion sensor means. 

11. A tire condition sensor unit 

wherein said memory means is capable of 
learning new identifications. 
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1 2. A tire condition sensor unit 

wherein said tire condition sensor unit and 
said vehicle-based unit are part of a tire condition 
communication system and said low frequency re- 
ceiver means is a first part of communication means 5 
of said tire condition communication system, a low 
frequency transmitter means of said lire condition 
communication system is a second part of said 
communication means that is operatlvely connect- 
ed to said vehicle-based unit and that is for trans- io 
mitting the low frequency initiation signal, said com- 
munication means for communicating a request 
from said vehicle-based unit to said tire condition 
sensor unit via the low frequency initiation signal to 
cause the transmission of the radio frequency sig- >5 
nal. 

1 3. A tire condition sensor unit 

, wherein said communication means does 
not convey identification information. 20 

14. A tire condition sensor unit 

, wherein said sensor means senses tire in- 
flation pressure as the sensed tire condition. 

25 

1 5. A tire condition communication system for a ve- 
hicle, said system comprising: 

sensor means, associated with a tire, for sens- 
ing at least one tire condition; 30 
radio frequency transmitter means, associated 
with the tire and operatlvely connected to said 
sensor means, for transmitting a radio frequen- 
cy signal that indicates the sensed tire condi- 
tion; and 35 
communication means, having a first portion 
associated with the tire and operatlvely con- 
nected to said radio frequency transmitter 
means and a second portion associated with 
the vehicle, for communicating a request from 
the vehicle to said radio frequency transmitter 
means to transmit the radio frequency signal 
that indicates the sensed tire condition. 

16. A tire condition communication system ^5 

wherein said first portion of said communica- 
tion means includes low frequency receiver means 
for receiving a low frequency initiation signal and for 
causing said radio frequency transmitter means to 
transmit the radio frequency signal in response to so 
receipt of the low frequency initiation signal. 

17. A tire condition communication system 

wherein said communication means Includes 
first and second magnetic induction antennas. 55 

18. A tire condition communication system 

including radio frequency receiver means, as- 



sociated with the vehicle, for receiving the radio fre- 
quency signal that indicates the sensed tire condi- 
tion. 

19. A tire condition communication system 

wherein said sensor means senses lire infla- 
tion pressure as the sensed tire condition. 

20. A tire condition communication system 

including indicator means for providing an in- 
dication of sensed tire condition. 

21 . A tire condition communication system 

wherein said indicator means also for indicat- 
ing tire location. 

22. A tire condition communication system 

wherein said radio frequency transmitter 
means also for transmitting an identification, 'said 
system including means for using the Identification 
to determine tire location, and said indicator means 
also for indicating tire location. 

23. A tire condition communication system 

including means forstohng Identifications and 
associating Identifications with respective lire loca- 
tions. 

24. A tire condition communication system 

Including means for updating the stored iden- 
tifications. 

25. A tire condition communication system 

wherein said means for updating the stored 

identifications includes means for monitoring the 
number of times an identification is received. 

26. A tire condition communication system 

including means utilizing vehicle speed to 
vary rate of operation of said communication 
means. 

27. A tire condition communication system 

including memory means, associated with the 
tire, for holding a fixed identification associated with 
the tire, said radio frequency transmitter means also 
for transmitting the radio frequency signal to indi- 
cate the fixed identification. 

28. A tire condition communication system 

including memory means, associated with the 
vehicle, for holding identification values for compar- 
ison with the fixed Identification indicated by the re- 
ceived radio frequency signal. 

29. A tire condition communication system 

wherein said memory means is capable of 
learning new identifications. 
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30. A tire condition communication system 

wherein said communication means does not 
convey identification information. 

31 . A tire condition communication system fora ve- 5 
hide, said system comprising: 

sensor means, associated with a tire, for sens- 
ing at least one tire condition; 
memory means, associated with the tire, for io 
holding a fixed identification associated with 
the tire; 

radio frequency transmitter means, associated 
with the tire and operatively connected to said 
sensor means and said memory means, for 15 
transmitting a radio frequency signal that indi- 
cates the fixed identification and the sensed tire 
condition; and 

communication means, having a first portion 
associated with the tire and operatively con- 20 
nected to said radio frequency transmitter 
means and a second portion associated with 
the vehicle, for communicating a request from 
the vehicle to said radio frequency transmitter 
means to transmit the radio frequency signal 25 
that indicates the fixed identification and the 
sensed tire condition. 

32. A tire condition communication system 

wherein said first portion of said communica- 30 
tion means includes low frequency receiver means 
for receiving a low frequency initiation signal and for 
causing said radio frequency transminer means to 
transmit the radio frequency signal in response to 
receipt of the low frequency Initiation signal. 35 

33. A tire condition communication system 

wherein said communication means includes 
first and second magnetic Induction antennas. 

40 

34. A tire condition communication system 

including radio frequency receiver means, as- 
sociated with the vehicle, for receiving the radio fre- 
quency signal that indicates the fixed identification 
and the sensed tire condition, and memory means. 45 
associated with the vehicle, for holding identifica- 
tion values for comparison with the fixed Identifica- 
tion Indicated by the received radio frequency sig- 
nal. 

50 

35. A tire condition communication system 

wherein said memory means Is capable of 
learning new identifications. 

36. A tire condition communication system 55 

including means for counting the number of 
receptions of an Identification to determine whether 
to learn a new Identification. 



37. A tire condition communication system 

wherein said communication means does not 
convey identification information. 

38. A tire condition communication system 

wherein said sensor means senses tire infla- 
tion pressure as the sensed tire condition. 

39. A tire condition communication system 

including indicator means for providing an in- 
dication of sensed tire condition. 

40. A tire condition communication system 

wherein said indicator means also for provid- 
ing an indication of tire location with the indication 
of sensed tire condition. 

41 . A tire condition communication system 

including means for controlling said commu- 
nication means responsive to a vehicle condition. 

42. A tire condition communication system 

wherein the vehicle condition is vehicle 
speed. 

43. A method of communicating tire condition infor- 
mation from a tire condition sensor unit to a vehicle- 
based unit, said method comprising: 

outputting, in response to control from the ve- 
hicle-based unit, a low frequency initiation sig- 
nal for reception by the tire condition sensor 
unit; and 

outputting, in response to receipt of the low fre- 
quency initiation signal, a radio frequency re- 
sponse signal that conveys the tire condition in- 
formation from the tire condition sensor unit for 
reception by the vehicle-based unit. 

44. A method of communicating tire condition infor- 
mation from a tire condition sensor unit to a vehicle- 
based unit, said method comprising: 

outputting, in response to control from the ve- 
hicle-based unit, a low frequency signal for re- 
ception by the tire condition sensor unit; and 
outputting a radio frequency signal that con- 
veys a fixed tire identification and the tire con- 
dition infomiation from the tire condition sensor 
unit for reception by the vehicle-based unit. 

45. A method Including Indicating the sensed con- 
dition and tire location to a vehicle operator. 

46. A method including controlling the step of out- 
putting the low frequency signal for reception by the 
tire condition sensor unit in response to a vehicle 
condition. 
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47. A method including comparing the conveyed tire 
identification with a stored identification at the vehi- 
cle. 

48. A method including updating the stored identifl- 5 
cation at the vehicle via provision of a new identifi- 
cation from a tire condition sensor unit. 

49. A method of communicating tire condition infor- 
mation from a plurality of tire condition sensor units io 
to a vehicle-based unit, said method comprising: 

sequentially outputting, in response to control 
from the vehicle-based unit, low frequency ini- 
tiation signals, each low frequency initiation is 
signal being for reception by a different tire con- 
dition sensor unit; and 

each tire condition sensor unit outputting, in re- 
sponse to receipt of the respective low frequen- 
cy initiation signal, a radio frequency response 20 
signal that conveys the tire condition informa- 
tion from that tire condition sensor unit for re- 
ception by the vehicle-based unit. 

50. A method wherein said step of outputting the ^5 
radio frequency response signals includes output- 
ting the response signals to convey fixed tire iden- 
tifications. 

51 . A method including indicating the sensed con- 30 
ditions and tire locations to a vehicle operator 

52. A method including comparing the conveyed tire 
identifications with stored identifications at the ve- 
hicle. 35 

53. A method including updating a stored identifica- 
tion at the vehicle via provision of a new identifica- 
tion from a tire condition sensor unit. 

40 

54. A method Including controlling the step of out- 
putting the low frequency signals for reception by 
the tire condition sensor units in response to a ve- 
hicle condition. 

45 

55. A method of communicating tire condition infor- 
mation from a plurality of tire condition sensor units 
to a vehicle-based unit, said method comprising: 

sequentially outputting, In response to control so 
from the vehicle-based unit, low frequency sig- 
nalS: each lowfrequency signal being for recep- 
tion by a different tire condition sensor unit; and 
each tire condition sensor unit outputting a ra- 
dio frequency signal that conveys a fixed tire 55 
identification and the tire condition information 
from that tire condition sensor unit for reception 
by the vehicle-based unit. 



56. A method Including indicating the sensed con- 
ditions and tire locations to a vehicle operator. 



Claims 

1 . A tire condition sensor unit for association with a tire 
of a vehicle and for communicating a tire condition 
to a vehicle-based unit, said tire condition sensor 
unit comprising: 

sensor means for sensing the tire condition; 
radio frequency transmitter means, operatlvely 
connected to said sensor means, for transmit- 
ting a radio frequency signal that indicates the 
sensed tire condition; and 
low frequency receiver means, operatlvely con- 
nected to said radio frequency transmitter 
means, for receiving a low frequency initiation 
signal and for causing said radio frequency 
transmitter means to transmit the radio fre- 
quency signal indicative of the sensed tire con- 
dition In response to receipt of the lowfrequen- 
cy initiation signal. 

2. A tire condition sensor unit as set forth in the pre- 
ceding claim, wherein said low frequency receiver 
means and said low frequency transmitter means 
Include first and second magnetic Induction anten- 
nas, respectively, 

and/ or wherein preferably said low frequency 
receiver means is also for receiving a signal 
such that said radio frequency transmitter 

means transmits a signal that indicates an iden- 
tification to said vehicle-based unit, 

and/ or wherein preferably said vehicle-based 
unit includes means for storing the identifica- 
tion, 

and/ or wherein preferably said vehicle-based 
unit includes means for pairing the stored Iden- 
tification with a tire location, 

and/ or wherein preferably said vehicle-based 
unit includes means utilizing vehicle speed to 
vary rate of repeat occurrence of the transmis- 
sion of the initiation signal. 

3. A tire condition sensor unit as set forth in any of the 
preceding claims, including controller means, pro- 
viding the operative connection between said sen- 
sor means, said radio frequency transmitter means, 
and said low frequency receiver means, for control- 
ting operation of said tire condition sensor means, 

and/ or preferably including memory means for 
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holding a fixed identification associated with 
the tire, said radio frequency transmitter means 
is operatively connected to said memory 
means, and said transmitted radio frequency 
signal also indicates the fixed identification as- 5 
sociated with the lire, 

and/ or preferably including controller means, 
providing the operative connection between 
said sensor means, said radio frequency trans- 
mitter means, said low frequency receiver 
means and said memory means^ for controlling 
operation of said tire condition sensor means, 

and/ or wherein preferably said memory means 15 
is capable of learning new identifications. 

4. A tire condition sensor unit as set forth in any of the 
preceding claims, wherein said tire condition sensor 
unit and said vehicle-based unit are part of a tire 20 
condition communication system and said low fre- 
quency receiver means is a first part of communi- 
cation means of said tire condition communication 
system, a low frequency transmitter means of said 

tire condition communication system is a second 25 
part of said communication means that is operative- 
ly connected to said vehicle-based unit and that is 
for transmitting the low frequency initiation signal, 
said communication means for communicating a re- 
quest from said vehicle-based unit to said tire con- 30 
dition sensor unit via the low frequency initiation sig- 
nal to cause the transmission of the radio frequency 
signal, 

and/ or wherein preferably said communication 35 
means does not convey identification informa- 
tion, 

and/ or wherein preferably said sensor means 
senses tire inflation pressure as the sensed tire 
condition. 

5. A tire condition communication system for a vehicle, 
said system comprising: 

45 

sensor means, associated with a tire, for sens- 
ing at least one tire condition; 
radio frequency transmitter means, associated 
with the tire and operatively connected to said 
sensor means, for transmitting a radio frequen- so 
cy signal that indicates the sensed tire condi- 
tion; and 

communication means, having a first portion 
associated with the tire and operatively con- 
nected to said radio frequency transmitter 55 
means and a second portion associated with 
the vehicle, for communicating a request from 
the vehicle to said radio frequency transmitter 



means to transmit the radio frequency signal 
that indicates the sensed tire condition. 

6. A tire condition communication system as set forth 
in any of the preceding claims, wherein said first 
portion of said communication means includes low 
frequency receiver means for receiving a low fre- 
quency initiation signal and for causing said radio 
frequency transmitter means to transmit the radio 
frequency signal in response to receipt of the low 
frequency initiation signal, 

and/ or preferably including radio frequency re- 
ceiver means, associated with the vehicle, for 
receiving the radio frequency signal that indi- 
cates the sensed tire condition, 

and/ or wherein preferably said indicator means 
also for Indicating tire location, 

and/ or wherein preferably said radio frequency 
transmitter means also for transmitting an iden- 
tification, said system including means for us- 
ing the identification to detennine tire location, 
and said indicator means also for indicating tire 
location, 

and/ or preferably including means for storing 
identifications and associating identifications 
with respective tire locations. 

7. A tire condition communication system as set forth 
in any of the preceding claims, including means for 
updating the stored identifications, 

and/ or wherein preferably said means for up- 
dating the stored identifications includes 
means for monitoring the number of times an 
identification is received, 

and/ or preferably including means utilizing ve- 
hicle speed to vary rate of operation of said 
communication means, 

and/ or preferably including memory means, 
associated with the tire, for holding a fixed iden- 
tification associated with the tire, said radio fre- 
quency transmitter means also for transmitting 
the radio frequency signal to indicate the fixed 
identification, 

and/ or preferably including memory means, 
associated with the vehicle, for holding identifi- 
cation values for comparison with the fixed 
identification indicated by the received radio 
frequency signal. 

8. A tire condition communication system for a vehicle, 
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9. A tire condition communication system as set forth 

in any of the preceding claims, wherein said first 25 
portion of said communication means includes low 
frequency receiver means for receiving a low fre- 
quency initiation signal and for causing said radio 
frequency transmitter means to transmit the radio 
frequency signal In response to receipt of the low 30 
frequency initiation signal, 

and/ or wherein preferably said communication 
means includes first and second magnetic in- 
duction antennas, 35 

and/ or preferably including radio frequency re- 
ceiver means, associated with the vehicle, for 
receiving the radio frequency signal that indi- 
cates the fixed identification and the sensed tire ^0 
condition, and memory means, associated with 
the vehicle, for holding identification values for 
comparison with the fixed identification indicat- 
ed by the received radio frequency signal, 

45 

and/ or wherein preferably said memory means 
is capable of learning new identifications. 

and/ or preferably including means for counting 
the number of receptions of an identification to 50 
determine whetherto learn a new identification. 

10. A tire condition communication system as set forth 
in any of the preceding claims, wherein said com- 
munication means does not convey Identification in- 55 
formation, 

and/ or wherein preferably said sensor means 
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senses tire inflation pressure as the serised tire 
condition, 

and/ or preferably including indicator means for 
providing an indication of sensed tire condition, 

and/ or wherein preferably said indicator means 
also for providing an indication of tire location 
with the indication of sensed tire condition, 

and/ or preferably including means for control- 
ling said communication means responsive to 
a vehicle condition, 

and/ or wherein preferably the vehicle condition 
is vehicle speed. 

1 1 . A method of communicating tire condition informa- 
tion from a tire condition sensor unit to a vehicle- 
based unit, said method comprising: 

outputting, in response to control from the ve- 
hicle-based unit, a low frequency initiation sig- 
nal for reception by the tire condition sensor 
unit; and 

outputting, in response to receipt of the low fre- 
quency initiation signal, a radio frequency re- 
sponse signal that conveys the tire condition in- 
formation from the tire condition sensor unit for 
reception by the vehicle-based unit. 

12. A method of communicating tire condition informa- 
tion from a tire condition sensor unit to a vehicle- 
based unit, said method comprising: 

outputting, in response to control from the ve- 
hicle-based unit, a low frequency signal for re- 
ception by the tire condition sensor unit; and 
outputting a radio frequency signal that con- 
veys a fixed tire identification and the tire con- 
dition Information from the tire condition sensor 
unit for reception by the vehicle-based unit. 

13. A method of communicating tire condition informa- 
tion from a plurality of tire condition sensor units to 
a vehicle-based unit, said method comprising: 

sequentially outputting, in response to control 
from the vehicle-based unit, low frequency ini- 
tiation signals, each low frequency initiation 
signal being for reception by a different tire con- 
dition sensor unit; and 

each tire condition sensor unit outputting. in re- 
sponse to receipt of the respective low frequen- 
cy initiation signal, a radio frequency response 
signal that conveys the tire condition informa- 
tion from that tire condition sensor unit for re- 
ception by the vehicle-based unit. 
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said system comprising: 

sensor means, associated with a tire, for sens- 
ing at least one tire condition; 
memory means, associated with the tire, for 5 
holding a fixed identification associated with 
the tire; 

radio frequency transmitter means, associated 
with the tire and operatively connected to said 
sensor means and said memory means, for io 
transmitting a radio frequency signal that indi- 
cates the fixed identification and the sensed tire 
condition; and 

communication means, having a first portion 
associated with the tire and operatively con- is 
nected to said radio frequency transmitter 
means and a second portion associated with 
the vehicle, for communicating a request from 
the vehicle to said radio frequency transmitter 
means to transmit the radio frequency signal 20 
that indicates the fixed identification and the 
sensed tire condition. 
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1 4. A method as set forth in any of the preceding claims, 
wherein said step of outputting the radio frequency 
response signals includes outputting the response 
signals to convey fixed tire identifications, 

5 

and/ or preferably including comparing the con- 
veyed lire idenlificatlon(s) with stored idenllfl- 
cation(s) at the vehicle, 

and/ or preferably Including updating a stored io 
identification at the vehicle via provision of a 
new identification from a tire condition sensor 
unit, 

and/ or preferably including controlling the step is 
of outputting the low frequency signals for re- 
ception by the tire condition sensor unit(s) in re- 
sponse to a vehicle condition. 

15. A method of communicating tire condition informa- 
tion from a plurality of tire condition sensor units to 
a vehicle-based unit, said method comprising: 

sequentially outputting, in response to control 
from the vehicle-based unit, low frequency sig- 25 
na\s each lowfrequency signal being for recep- 
tion by a different tire condition sensor unit; and 
each tire condition sensor unit outputting a ra- 
dio frequency signal that conveys a fixed tire 
identification and the tire condition information 30 
from that tire condition sensor unit for reception 
by the vehicle-based unit. 

16. A method as set forth in any of the preceding claims, 
including indicating the sensed condltion(s) and tire 35 
location(s) to a vehicle operator. 

17. A tire condition sensor unit for association with a tire 
of a vehicle and for communicating a tire condition 

to a vehicle-based unit, said tire condition sensor "^o 
unit comprising: 

sensor means for sensing the tire condition; 
and 

radio frequency transmitter means, operatively "fs 
connected to said sensor means, for transmit- 
ting a radio frequency signal that indicates the 
sensed tire condition. 
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